A

Report SAM-TR-80-43

LFVIY

FIELD SIIIIIYl DETERMINATION OF VENTILATORY REQUIREMENTS
OF MEN RAPIDLY EVACUATING A SPACE LAUNCH COMPLEX

x Ba s adrasi ot bl cuthal Sasnd Sk Adoni ofiie i

Loren G. Myhre, Ph.D. O T\C

November 1980
Final Report for Period January 1980 - February 1980

Approved for publi release; distribution unlimited.

USAF SCHOOL OF AEROSPACE MEDICINE
Asrospace Medicol Division (AFSC)
Brooks Air Force Base, Texns 7823S§

8]




NOTICES

This final report was submitted by persornel of the Crew Protection Branch,
Crev Technology Division, USAF School of Aerospace Medicine, Aerospace Medical
Division, AFSC, Brooks Air Force Base, Texas, under job order 7930-14-06. .

When U.S. Govermment drawings, specifications, or ocher data are used for
any purpose other thar a definitely related Guvernment procurement operation,
the Government thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished, or in any way
supplied the said drawinge, specificationsg, or other date is not to be regarded
by implication or otherwisc, as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related thereto.

The voliuntary informed consent of the subjects used in this research was
obtained in accordance with AFR 80-33.

1 This report has been reviewed by the Office of Public Affairs (PA) and
is releasatle to the National Technicul Information Service (NTIS). At NTIS,
it will be available Zo the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

LOREN G. MYHRE, Ph.D. RUSSELL R. BURTON, D.V.M., Ph.D.
Project Scientist Supervisor

47 Bkt

ROY L. DEHART
Colonel, USAF, MC
Commander

© v o et et




chisaue il

UNCLASSIFIED
b £ SECURITY CLASSIFICATION OF THIS PAGE (When Da’'s tninred)
x REPORT DOCUMENTATION PAGE HEF ORI kM

' g /4? e AEALA 'z GOVT ACCESSION NOI ) RECIPIENT'S CATALGG NUMBER :
/% Jlsam-tr-86-13 ; D ﬂ/}?gj“ iO ' FAL )

‘ vre? 3 E90$ 8 Dsiuoo COVERED
? 1ELD ﬁTUDY_RETERMINATION OF XENTILATORYI Flnal,ﬂ. -t

—

SPACE LAUNCH (.OMPLEX) ‘.a—v,n NG ORG. REPc‘)yuu €ER

EQUIREMENTS CF MEN }APIDL\ EVACUATING ;‘\/ 1890 ~—= Feb OSO

7. AuTHOR(se) 8 CONTRACY OR GRANT NUMBER:s)
/0]|Loren c. ;‘l yhre} Ph.D.

9 PERFORMING ORGANIZATION HAME AND ADORESS 1IC PROGRAM ELEMENT. PROJECT. TASK

USAF School of Aercspace Medicine (VNT) AREA 8 WORK UNIT NUMBERS

Aerospace Medical Division (AFsC) 62202F @:jy

Brooks Air Force Base, Texas 78235 ( 7930[»14 -06

1. C?NTHO\.L!NC QFFICE NAME AND ADOD 12 REFPORT DATE

USAF School of Aerospace Hcdicine (UNT? @I Nov..bot: gggz !
Aerospac: Medical bivision (AFSC) ER CF PAGES ]

Brooks Air Force Base, Texas 78235

4 MONITORING AGENCY NAME 8 AQORESS(! dilterent (rom Conteolling Ollice) : 1S SECURITY CLASS. (of thus reporr.

/2)‘ o, UNCLASSIFIED
o?j/ / T5u TOECLASTFITATION SOWNCRAGING ]
/J semtouLe !

Approved for public release; distribution unlimited.

C i) LAY Aii o g

16 O:'STRIBUTION STATEMENT ot this Repori)

17 OISTRIBUTION STATEMENT (0! the sbatrect entared in Hio.k 10, 1 different from Repuoe:

18 SUPPLEMENTARY NOTES - - T - —
J— . !

19 KEY WORDS : Contlnue ru reversr arde 1/ necessars and tidentil, by Bl k number. - - n
Work Slress Seli-contajned Breathing Apparatus
NDescending Staire Escape Device |
Phvsiological Effects Hy poxia
Heart Rate Hazards

N - e ee o A

TO—TB—;YRAC' TUanatinue e rey n;n_-. In_l-’::ﬁvnnv .'\J:Ie e l. h b A P Y Y
Physiologicai variables, including heart rate and minote ventilation, were
monitored for 3 men and 1 woman duting field trials simalating the emergency
evacuation of Space Launch Complexes (SLC) ab and 4W at Vandenberg AFB iIn
January 1980. Rapid evacuation trom the highest work level of SLC=4k te a
designated polnt of safetv (tunncl), unencumbered by the wearing of a respiratory
protection device, could be accomplished in about 3 min. Mouitocred heart rates
for 3 men, calculated at 30-sec intervals, averaged 145 Ypm; peak heart rates
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20. ABSTRACT (continued)

averaging 166 bpm occuvrred duriag the last min of the exercise. Ventilatory
requirements for this rate of work, estimared to represent approximately 65% of
the men's aerobic capacitv, were estimated to average approximately 51 liters/
4min. Subsequent trials repeating the same rapid cvacuation while wearing the
currently approved Robertshaw Air Capsule were achicved with considerable diffi-
culty, producing situations thzt could seriously compromise the wearer's safety.
Most obvious hazards imposed by the air capsule included (1) almost total ob-
struction (fogging) of tforward and downward vision, (2) the early onset and pro-~
gressive severity ol dizziness, allegedly the result of hypoxia, (3) the total
collapsing of the air capsule around the head and face with each inspiration,
and (4) the absence of an anti-suffocation device which would allow entry of
outside air into the air capsule when the air reservoir becomes exhausted. How-
ever, the user is indeed cautioned to walk when wearing the Robertshaw Air Cap-
sule, and there werec no major complaints during cvacuation from thke SLC when it
was used in this manner. Time required to accomplish a walking evacuation aver-
aged 4 min, 19 sec; total air supply to the air capsule averaged about 4 min,

54 sec for the 5 units tested. 1t should be noted that although present regula-
tions and directives state that workers should walk, not hurry down the SLC
tower stairway and into the tunrcl, such a disciplined evacuation in an emergency
lsituation may be merely academic.

It was concluded that a teasonablv fit adult male rapidly evacuating the SLC
works at a load approximating 65% of his acrobic caprcity. Associated with this
level of work is a ventilatory requirement of about 51 liters/min with corres-
ponding peak inspiratory flow rates predicted to average about 180 liters/min.
Under these conditions excescive rebreathing of expired air with the concomitant
onset of hypoxia was clvarly c¢vident when wearing the Rebertshaw Air Capsule
which delivers air at a ratce of 25 lirers/min. The Robertshaw Air Capsule is
deemed to be unsuitable as a respiratory protection device during rapid evacua-
tion of the SLC; its limited air supply (about 5 min) renders it a marginal
device for a walking evacuation which requires about 4 min, 19 sec. The degree
of protection from airborne contaminants previded by the Robertshaw Air Capsule
under work stress conditions simulating both (a) rapid and (b) walking evacuatiow
awaits laboratcry testing.,
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FIELD STUDY DETERMINATION OF VENTIIATORY RLQUIREMENTS
OF MEN RAPIDLY EVACUATING A SPACE LAUNCH COMPLEX

INTRODUCTION

The USAF School of Aciospace Medicine, Crew Technology Division (USATEAM/
VN), was requestel by USAF Headquarters Space Divisin. Space and Missiles
Systems Orgarization (SAMSO/SGX) to tost a respiratcry protection device which
has been recent'v added to the USAF inventory at Vardeaberg AFB. This 5-min
escape device, th: Robertshaw Air Capsule, was procuared to meet the need for
protecting a worker evacuating a Space Launch Compicx during an emergency
typifiec by a roclket fuel/chemical lea®s into the working environment.

Robertshaw Air Capsule

The Robertshaw Air Capsulc, P/N 900-002-768-!2 i. : universal-fit escape
device manufactured by Robertshaw Controls Company and has been issued National
Institute for Occupational Safety and Heaith (NIOSH) approval onumber TC-13F-23 :
for a 5-min self-contai.aed breathing apparatus. 1t consists (7 an ajir reser- b
voir which is connected to an inflatable polyvinyl chloride (alternate hood e
materials are Kapton and polyurethane) hood which envelopes the head and is i
secured by an elastic neck seal. The reservoic coil is made of 3us stainless-
steel tubing, pressurizes with breathing air to 5000 psig and stored in a small
packet attached to the houd, and rests on the back just below neck level.
When actuated, air flows through a pressure regulator and a supply hose into
the plastic hood at a rate of approximately 25 liters/min for aboat 5 min.
(Data describing the air space in the heod when worn by an average man are not
available at this time.) When ip usce, air low from the reservoir is comple-
mented by exrired air which simply intlates the capsule until a given positive
pressure forces excess air to the outside through an cexpiration valve.

Smace Launch Complex

The space launch complex (SLC) corsists of a tower rising more than 200 1t
(61 m) above a launching pad which is abouvt 1') stories above ground level;
SLC-4E and SLC-4W are illustvated in Figures 1 and 2, respectively.  Altbough ‘
serviced by elevators, cmergency egress {rom the tower is by epen stairvay, -
adequately designed for safety hut open to the external (weather) environment.
After descending the tower and upon arrival on the pad, the worker must con-
tinue to leave the area by one of several routes partly dependent upon wind

-

3]
‘Rcbherishaw Air Capsules are provided tor uso oiv Space Laang
L-FEast (SLL-4E) and 4-West (SL.-4W) at Vandenbery AFB.

h Comnlexes
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direction, but the primary route of escape for most weather conditions is one
leading to an undergrounc tunnel considered safe from atmospheric contamin-
ants.2 Tunnel entry is made by descending a flight of stairs from the launch
pad to actual ground level, ther. entering a building and descending a stairway
leading to the tunnel. Alternate routes are over land in all directions from
the SLC. A description of the corresponding distances navigated in the evacu-
ation exercises is given in Appendix A.

Primary Objectives
Primary Objectives of this effort included the following:

a. To identify the physical characteristics of the worker population
attending the SLC.

b. To determine the time required to evacuate the tower and reach &
point of safety.

c. To estimate the physical stresses imposed on workers during SLC evac-
uation, thus to provide an estimate of the ventilatory requirements to be
placed on a respiratory protective device.

d. To evaluate the current Robertshaw Air Capsule under actual SLC evac-
uation exsrcises.,

e. To develop a work stress scenario to be used in laboratory testing of
the degree of protection zfforded by the current Robertshaw Air Capsule when
used in a manner simulating SLC evacuation.

METHODS AND PROCEDURES

The protocol for monitoring the field trial was dictated by the directive
to be followed in emergencv SLC evacuation. In general, the workers are to
leave the tower work area by exiting to the nearest outside stairwell. They
are instructed to pick up a Robertshaw Air Capsul: from the supply provided at
each work level, properly affix the capsule over the head, and then walk down-
stairs and continue on to the determined point of safety. The worst-case ex-
periment simulated evacuation from leve 16 of SLC-4E, the highest (160 ft)
(48.8 m) level where workers may be found when the Titan rocket is being pre-
pared for launching. FEvacuation from level 11 (110 ft) (33.5 m) was also in-
cluded in the testing protocol because it was the site most frequented by SLC
workers. Cerresponding levels for SLC-4W were 149 (149 ft) (45.4 w) and 129
(129 ft) (39.3 m), rvespectively.

2The tunnel is serviced by an air-conditioning system which keeps the
tunnel under a slight positive pressure, i.e., any movement of air (contamin-
ants) should be outward from the tunnel.
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Physical characteristics of the 3 military and 1 civilian personnel who
were monitored during SLC evacualion eXercises arc presented in Table 1.

TABLE 1. PHYSICAL CHARACTERISTICS OF SUBJECTS

Subject No. Sex Age Height Weight
(yr) (inches) (em) (ibs) (kg)
(a) (b)
1 M 43 74 (188) 182.7 (82.9) 187.3 (84.9)
2 M 32 70 (178) 182.7 (82.9) 187.8 (85.2)
3 M 24 72 (183) 168.7 (76.5) 174.8 (79.3)
4 F 24 62 (157) 102.9 (46.7) 108.1 (49.0)
Mean 31 70 (178) 159.2 (72.2) 164.5 (74.6)

(a) Weighed in normal :treet clothes witheut shoes.

(b) Weighed in work clothes with shoes and hard hat.

After briefings on the use of the Robertshaw Air Capsule for evacuating
the SLC area, the subjects visited SLC-4E and SLC-4W where they became thor-
oughly familiar with the egress plans to be follewed., The subjects were then
prepared with adhesive chest clectrodes for medilog recording of ECG, and body
weights in work clothes were recorded (see¢ Table 1).  The chest electrodes
were connected to the ECGC leads of the medilog recorder which was subsequently
secured in the subject's pocket. The subiect and an obscrver then ascended
the tower via an elevator and, upon reaching their destination, signaled to
the ground observers atd then rested quietly for 5 min prior to their timed
descent. The medilog recsorder was activated 2 min prior to the start of the
egress exercise which commenced with a signal from the ground obscerver.  The
subject then descended the stairs at his fastest sole pace while accompanied
by a trained observer, usuallv a fellow subject. Times were recorded for the
subject's arrival (1) at the bottom of the tower (pad), and (2) at a predeter-
mined place of safety which was cither at the bottom of the stairs entering
the tunnel or at a ground point some distance from the tewer.  The medilog
recorder tape was coded tor experimen: identsdication, and the instrument was
then transferred to the next subject who followed the same protocol.,

in addition tu heart rate and cvacuation time, ventilatory requirement
data were aobtained from 2 ot the male subjocts, descending from level 1o on
SLC-4F and from level 149 un SLC-4%W, while wearing a Scote 11 Air Pak (demand
mode) self-contained breathing apparatus (SCBA).  These same two men repeated



the rapid evacuation f{rom the 16th level of SLC-4F, and again at a prudent
walking pace from that level and trom level 149 on $L.C-4W, all while wearing
the Robertshaw Air Capsule.  Adjustments in the experimental protocol for
these cases with the men wearing a respiratory protective device include the
following:

SCBA Experiments

The air cylinder was carctully weighed and returned to the back pack
which was carried up the tower (using the c¢levator) by an observer. Prior to
his 5-min rest at the top. the subject was fitted with the SCBA and awaited
the signal to start down. At that signal, the mask was pulled into position
and tested for seal and air delivery; the subject then proceeded to descend
the SLC. The mask was removed immediatelv upon arrival at the safety area,
and the air cylinder was again carefully weighed to determine the grams (and
calculated liters) of air used during the exercise.

Robertshaw Air Capsule Experiments

The Robertshaw Air Capsules for these experiments were randomly selected
from those already in place in the work arcas on the tower. With the signal
from the ground observer, the subjuct toullowed the directions on the air cap-
sule package by (1) opcening the case, (2) pulling a cord to activate airflow
into the capsule, and (3) atfixing the capsule over his head; he then commenced
his egress from the tower. The capsule was removed immediately upon his arrival
in the tunnel, and a stop-watch recorded the remaining minutes of air supply
provided by the air coil.

All experiments were performed within a 3-day period in mid-January.
Weather conditions were typical for the winter secason with persistent over-
cast, intermittent rain or drizzle, and occasicnal fog (see Table 2).

RESULTS

Phvsical Characteristics of Worker Population

Lockheed and Martin-Marictta corporations are the primarv contractors for
SLC operations; physical characteristics of on-site workers are summarized in
Tatle 3.

Although no attempt was made to determine clinical chacacteristics, cor-
poration records described this ali-male group as being generally sedentiary
with resting systolic and diastolic blood pressures averaging about 126-127 mmHg
and 80-86 mmHg, respectively. Tt should be noted that 32 of the workers
weighed in excess of 200 1b (90.7 kg), and the extreme was 364 1b (165.1 kg).
In contrast to the SLC worker population, the test subjects in this studv were
younger (mean = 231 vr), about the same height {(mean = 69.5 in (177 cm)),
lighter (mean 159.2 1b (72.2 kg)), and included | small female (see Table 1).

i 4




Corresponding mean values for the 3 male subjects in this study were 33 yr,
72 in (183 cm), and 178 1b (80.8 kg), respectivcly.

TALLE 2. SUMMARY OF METEOROLOGICAL CONDITIONS EXISTING IN SLC-4E AND
SLC-4W DURING THE COURSE OF EXPERIMENTAL EVACUATION EXERCISES
AT VANDENBERG AFB

Comment

Relative

Date Time Air temperature humidity
°r (°0) o
15 Jan 1200 61 (16.1) 89
1400 60 (15.6) 77
1600 57 (13.9 97
1800 60 (15.6) 97
16 Jaa 1000 58 (14.4) 97
1200 60 (15.0) 97
1490 60 (15.6) 97
1600 60 (15.6) 97
17 Jan 1000 56 (13.3) 97
1200 59 (15.0) 87

overcast
overcast

lignt rain

lignt drizzle

lignt drizzle

fog; 200 ft (61 m) visibility
overcast, some fog

overcast

light drizzle

overcast

TABLE 3. PHYSICAL CHARACTERISTICS OF SLC WORKER POPULATION (MEAN = S.LE.)

Contractor N Age Height Weight
(yr) (inches) (cm) (1b) (kg)

Lockheed 61 51.8 69.8 (177) 185.8 (84.3)
+1.0 +0.3 (+0.8) + 4.5 (2.0

Martin-Marietta 105 46.1 69.7 (177) 181.23 (82.2)
+0.3 +0.3 (+0.8) 2207 (+1.2)

T  S URN




Time Required to Evacuate the Space Launch Complex

Times required to evacuate the SLC at the fastest safe pace, unencumbered
i by any respiratory protection device, are presented in Table 4.

TABLE 4. {IMES REQUIRED TO RAPIDLY DESCEND FROM SELECTED .
SLC LEVELS TO PREDETERMINED POLNTS OF SAFETY

i Time of arrival (min:sec)

-y

Subject No. Level Pad Tunnel Road/fence®
SLC-4E

1 16 1:48 2:35

2 16 2:10 2:59

3 16 2:20 3:07

4 16 2:23 3:15

{ Mean 2:10 2:59
1 11 1:06 2:00
2 il 1:10 2:01
3 11 1:30 2:26
4 11 1:25 2:28
Mean 1:18 2:14

SLC-4W

1 149 1:32 2:13

2 149 1:30 2:10

3 149 2:13 3:05

4 149 2:22 3:15

Mean 1:54 2:41

!

' i 129 1:08 1:41
2 129 1:09 1:43
3 12 1:42 2:21
4 129 1:45 2:37
Mean 1:26 2:06

*Predetermined endpoint [{or evacuation exercises from level 11 of SLC-4E
was on a road approximately 115 yd (105 m) from launch pad; for level 129 of
SLC-4W the egress endpoint was a perimeter fence (wirecutter location) approx-
imately 190 yd (174 m) from the launch pad (see Figures 1 and 2).

10
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From Table 4 it may be seen that the 4 subjects in this study, moving as
rapidly as possible and unencumbered by any respiratory protection device,
were able to leave the highest probable work levels on SLC-4E and SLC-4W and
arrive in the corresponding safety tunnels in an average time of 2:59 and 2:41
(min:sec), respectively. Average times from pads to tunnels were 0:49 sec and
0:47 sec for SLC-4E and SLC-4W, respectively. As a comparison, 2 of the male
5 subjects repeated these evacuation exercises while wearing &« SCBA and again
f - while wearing a Robertshaw Air Capsule; these results are presented in Table 5.
i
|
E TABLE 5. TIME REQUIRED TO RAPIDLY DESCEND FROM SELECTED S.C LEVELS TO CORRES-
PONDING SAFETY TUNNELS WHILE WEARING A RESPIRATORY PROTECTION DEVICE
: Respiratory Time required (min:sec)
| Subj. Level protection ___
1 No. device Don air Arrival at | Actual walking time
lcapsule [ Pad [Tunnel | Free | RPDA
SLC-4L
1 16 SCBA NA 1:59 2:53 2:35 2:53
2 16 SCBA NA 2:12 3:02 2:59 3:02
1 1 16 Robertshaw 0:40 3:05 3:41 2:35 3:01
y 16 Robertshaw 0:13 2:13 3:04 2:59 2:51
t SLC-4W
1 149 SCBA NA 1:34 2:24 2:13 2.24
2 149 SCBA NA 1:31 2:13 2:10 2:13

a .
While wearing the respiratory protection dJduivice.

Although the SCBA is not used as a respiratory protection Jdevice for evac-
uvating SLC-4E and SLC-4W, its inclusion in this study was simply for providing
a means of determining the total veutilatory requirements of the subjects fol-
lowing the approved SLC evacuation exercises. Howevet, in spite of its bulk
and weight (about 32.5 lb) (14.7 kg), the men were able to Jdescend the tower
and arrive in the safety tunnel in about the samc time as was required to do
so without a respiratory protection device. Although the Robertshaw Air Cap-
sule presented less of a physical burden, rapid descent from SLC-4E was
achieved only with considerable difficulty and it was decided to cancel plans
to repeat its use under these conditions on SLC-4W. Howcever, it should be
noted that the directive for emergency SLC evacuation specifies that the worker
will walk, not run down the tower stairs and into the tunnel. Thus, data were
collected from these same 2 male subjects wearing a Robertshaw Air Capsule
while performing a walking evacuation from these same tower levels and are
presented in Table 6.

11




P

f—

S

TABLE 6. TIME REQUIRER TO DON THE ROBERTSHAW AIR CAPSULE AND WALK FROM HIGHEST
SLC WORK LEVELS TO CORRESPONDING SAFETY TUNNECLS

Time required (min:sec)

Subj. Level S
No, Len air ! Arrival at
| capsulc Y T Tunnel Actual walking time
SLC-4E
1 16 0:31 3:20 4:59 4:24
16 0:26 3:16 4:34 4:08
SLC-4VW
1 149 0:29 3:10 4:31 4:02
2 149 0:24 2:53 4:24 4:00

In summary, the time required to open the packet and don the Robertshaw
Air Capsule averaged about 27 scc. With capsule donning time included, the
subjects were able to rapidly descend from level 16 of SLC-4E in an average
of 3 min 23 scc; a walking descent required 4 min 45 scc.

Physical Stresses Imposed on Workers During SLC Evacuation

The solicitation of lockheed and/or Martin-Marietta workers as volunteer
subjects for this study was not authorized. Thus, data collected from the
younger, probably more fit USAF subjects must be considered accordingly. The
two objective physiological parameters studied for the purposc of estimating
the workload imposed during SLC evacuation were (1) minute ventilation, and
(2} heart rate. The ventilatory requirements, calculated from the weight loss
of the SCBA cylinder during the evacuation exercises, are presented in Table 7.

The ventilatory requirements for these men, who were essentially the same
weight, were very similar, averaging 64.6 liters/min and 68.8 liters/min, STPD,
for subjects 1 and 2, respectively.

Subject heart rates were recorded continuously during all rapid evacuation
exercises and are presented in Table 8.

Heart rates monitored for all subjects during the rapid evacuation froo
level 16 of SLC-4E averaged 143, 150, and 167 for minutes 1, 2, and 3,
respectively. Ventilatory values (see Table 7) combined with heart rate data
for subjects 1 and 2 furthur define the evacuation exercise as being moderately
hard to hard physical work. The female subject performed the test exercice with-
out the air capsule with slightly less speed (Table 4), but withh avout the same
heart rate response (Table 8) as that observed for her male counterparts.
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TABLE 7. CALCULATED VENTILATORY REQUIREMENTS OF TWO MALE SUBJECTS RAPIDLY
DESCENDING FROM A SELECTED SLC LEVEL TO ITS CORRESPONDING SAFETY

TUNNEL
___Subject Time of arrival Ventilatory requirement
No. Weight? |Level in tunnel b b
(1b) (kg) (min:sec) Total liters, STPD |Liters/min, STPD
SLC-4E
1 219.4 (99.5) 16 2:53 206 71.4
2 220.3 (99.9) 16 3:02 202 66.6
SLC-4W
1 219.4 (99.5) 149 2:34 148 57.7
2 220.3 (99.9) 149 2:18 163 70.9

3Subject weight includes the 32.5 1b (14.7 kg) SCBA.

bCorrecting according to gac laws for standard temperature (OOC), stand-
ard pressure (760 mmHg), and dry.
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: TABLE 8. HEART RATES RECNRDED DURING RAPID EVACUATION WITHOUT A RESPIRATORY
: | PROTECTION DEVICE FROM SELECTED SLC LEVELS TO PREDETERMINED POINTS
OF SAFETV

i Heart rate (bpm}
Subject LeveH

No. ] Time during evacuation (min) .
|
-l 0 ', 1 's 2 s 308 4
SLC-4E
1 16 62 57 120 143 146 149 150
2 16 74 75 113 113 120 146 161 173
3 16 98 86 144 158 154 150 158 176
4 16 119 103 140 157 167 155 161 152
Mean 88 80 129 143 147 150 158 167
+SE +13 10 + 8 +11 +10 + 2 +3 + 8
1 11 68 75 135 150 147 156
2 11 105 102 160 184 180 176
3 1 - - - - - - -
4 11 115 101 145 165 173 180 185
Mean 96 93 147 166 167 174 185
+SE 4+ 9 + 7 +10 +10 +7 +0
SLC-4W
1 149 57 60 102 139 143 150 152
2 149 98 99 155 170 177 173 180
: 3 149 94 89 125 137 139 138 128 150 155
4 149 109 90 116 126 118 128 125 137 143
Mean 20 85 125 143 144 147 146 143 149
+SE +l + 9 +11 + 9 +12 +10 +13 +7 +6
1 123 60 79 140 143 150 152
2 129 1 117 165 180 186 i77
3 129 101 94 119 135 134 150 180
4 129 83 85 122 120 134 153 158
Mean 89 94 137 145 154 161 169
+5E +1i + 8 +11 +13 +13 6 +11
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Space Launch Complex Evacuation While Wearing the Robertshaw Air Capsu':

Times and heart rate data collected from subjects 1 and 2 during ra. -1
evacuation from SLC-4E, with and without protective breathing devices, ar-
presented in Table 9.

Subject 2 evacuated the tower at a nearly identical pace under ali rhree
experimental conditions, namely (1) without a breathing device, (2) wear‘ag a
32.5 1b (14.7 kg) SCBA, and (3) wearing the 4.65 1lb (2.1 kg) Robertshaw ..ir
Capsule. The additional stress imposed by the weight of the SCBA was ev.dent
in the slightly higher heart rates observed during work as shown in Figure 3.

TABLE 9. HEART RATE RESPONSES OF TWO MEN DURING RAPID EVACUATION OF LFVEL 16
SIC-4E WITH AND WITHOUT USE OF A RESPIRATORY PROTECTION DEVICE

! Heart rate (bpm)

Condition Total time {min:sec) Time during evacuation (min)

Evacuation TiAir supply| =1 0 % 1 Y 2 b 3

Subject 1
Free 2:35 NA 62 57 120 143 146 149 150
scea? 2:53 NA 65 75 139 146 150 150 150 124
Robertshaw 3:01 5:05 60 b4 79 128 114 122 --- }50
Air Capsuleb

Subject 2
Free 2:59 NA 74 75 113 113 120 146 161 173
scea® 3:02 NA 110 113 123 120 131 165 173 160
Robertshaw 2:51 -- 94 108 120 169 171 170 180 180

Air Capsule

%Total weight of SCBA: 32.5 1b (14.7 kg)

bTotal weight of Robertshaw Air Capsule: 4.65 1b (2.1 kg)
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However, afrer the first minute of work the much lighter Robertshaw Air Capsule
imposed an even greater cardiovascular stress as indicated by this subject's
heart rate reaching 180 bpm, a level frequently associated with very strenuous
work and impending exhaustion. This subject commented that, after descending
only 3 flights, the bag collapsed around his head and face with every inspira-
tion. At the same time, fogging of the inside of the capsule almost totally
obstructed forward and downward vision which, along with total bag collapse,
persisted throughout the remainder of the evacuation exercise. The onset of
dizziness occasioned this subject to consider stopping at 3 different times
during the tower descent, but he persisted and, accompanied by an observer,
reached the safety tunnel where he cxperienced weakness, dizziness, and even-
tually syncope, all of which were relieved within seconds after removal of the
air capsule. 1In light of the foregoing, subject | evacuated the SLC at a much
slower pace when wearing the Robertshaw Air Capsule, and this is evidenced by
his relatively lower heart rate (Table 9). lowever, in spite of this reduced
evacuation pace, Subject 1 experienced a near total obstruction of vision by
capsule fogging; only by glancing out the less fog-obstructed side of the
capsule was this subject able to navigate the stairway descent. Although also
noting slight episodes of dizziness and murked hyperventilation, this subject
did no! experience weakness or syncepe vpon reaching the tunnel at this
reduced pace.

Subsequent r..crcises wearing the Robertshaw Air Capsule were conducted
at a walking pace; corresponding cvacuation times and heart rates are presented

in Table 10.

The slower SLC evacuations represcnted by Table 10 were completed without
complaint except for minor visual obstructjon which was of concern during
stairway descent.

TABLE 10. HEART RATE RESPONSES OBSERVED FOR TWO MEN WEARING A ROBERTSHAW AIR
CAPSULE DURINGC '“ALKING EVACUATIONS OF SLC-4E AND SLC-4W

o lieart rate (bpm)
Subject Total time (min:sec) ' ~~ Time during evacuation (min)
No. Evacuation | Air supplyj-1 O . 1 ' 2 Y% 3 % 4 Y
SLC-4E, Level 16
1 4:24 4:49 80 S5 9G BU &5 91 85 75 98 83 86
2 4:13 4:48 85 92 113 113 116 128 128 143 120 115 116
SLC-4W, Level 149
1 4:02 4147 68 66 90 87 93 90 98 94 97 79
2 4:00 5:00 107 107 122 126 128 132 135 128 --- ---
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Under the conditions of .h-se experiments, i.e., an anticipated SLC evac-
uation unaccumpaniad by ecmotivnai stresses and/or by possille -onditions ob-
structive to an emergency evacuation, a subject could rapidly descend from the
highest work level (SLC-4E, Level 16) and arrive in the safety tunnel in about
3 min. However, such a rapid evacuation is neither safe nor is it recommended
when wearing the Robertshaw Air Capsule; to proceed at such a pace with this
breathing device would be dangervus due to (I forging that nearly completely
obscures vision. (2) insufficient air supply t.,ar rrecipitates a feeling of
suffocation, and (3) the risk ot experiencing sywncope, probably the result of
hypoxia, which may preclude the wearer's ability to remove the capsule when
the air supply has become exhausted.

On the other hand, a walking cvacuation from level 16 of SLC-4E may be
nertormed without incident while wearing th> Robertshaw Air Capsule. This
slower descent requires about 4 min 19 sec which allows little room for error

when using this %-min escape device.

It is obvious that the low level of air tlow provided by the Robertshaw
Air Capsule (approx. 25 liters/min) is adequate for 1 man performing work at a
rate which would c¢nable him to evacuate the SLC in 3 min. Myhre et al. (1)
cstablished the relationship “etween heart rate and ventilation for men exer-
cising while wearing a SCBA. These data predict thay the average heart rate
of 159 bpm, observed in this studv during rapid evacustion of SLC-4E while
wearing a SCBA, would be accompanied by a ventilation vate averaging around
65 liters/min and an energy cost equivalent to about 73% of aerobi: capacity
(Vg, max). Thu . *he obsvrved ventilation rate averaging us liters/min during
theSe experimeni: is in good agreement with this prediction and supports the
designation ot (his workload as being about 737 Vg, max (!,. Removing the
burden of the :2.5 1b (l4.7 kg) SCBA would allow these men to work at the same
pace, but requiring only 6075 of Vg, max; this, in tim, wouid be accompanied
by heart rates and ventilation ratds approxineting 1386 bpm and 49 liters/min,
respectively (1).  Consequently, these latter values would be the best estimates
of the workluad experienced by these men during their rapid evacuation of level
16 on SLC-4E wearing the 4.65% 1b (2.1 kg) Robertshaw Air Capsule; observed
heart rates Jor these experiments averaged 146 during the third minute ¢f work
and were undoubtedly affected by varying degrees of hypoxia erperienced by the
subjects. Peak inspiratury flow rates during excrcice requiring a ventilation
of 49 liters/min would be about 180 liters/min (1),

In summary, to avoid the hypoxic expericnced by the subiects during their
rapid evacuation ot SLC-4E, the esconc device would have to provide fresh air
at a rate of about 49 liters/min, and 17 wust be capable of ..ccommodating
momentary peak requircments of 180 liters/min. Although some rebreathing of
expired air may be incuonscquential, such rebreathing duriag mcderately bhard
werk becomes excessive when weailiayg the Robertshaw Air Capsule which provides
fresh air at only 25 liters/min, The result is an alleged progressive enrich-
ment of breathing air with CO, vhich further stimulate. respiration to greater

1. Myhre, L. G., ¢t al. Thyriological limits of flrcefighters. EXL-TR-
79-0b, Tyndall Air Force Base, Florida 32403, June 1979.
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ventilatory requirements. Although the use of the Robertshaw Air Capsule
during a walking evacuation of a SLC was accomplished without major complaint,
it is doubtful that such a restricted pace might be c¢ffectively imposed upon
a worker during an emergency situation.

All of the above reservatjons related to the use of the Robertshaw Air
Capsule are preseated in the absence of information velative to the degree
of protection from airborne contaminants offered by this device. Objective
data relative to this protection factor await subsequent laboratory testing
in which the breathing air inside the capsule is monitoured while a subject,
performing work simulating that of an SLC e¢vacuation exercise, is exposed to
a toxic simulant, e.g., NaCl. The heart rate and the ventilatory data collected
in the present study will be used to establish a laboratory exercise scenario
which will be representative of that required for Vandenberg AFB application.
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APPENDIX A
DISTANCES TRAVERSED IN EVACUATING SPACE LAUNCH COMPLEX
SLC-4E SLC-4W
1. Distance from base of tower (pad) to top
] . of stairway leading to ground level (paces): 24 29
2. Vertical distance from top of stairway to
’ ground level (ft) (m): 18 (5.95) 19 (5.8)
g 3. Number of stairs (7%-in. (19.05-cm) rise) a b
: from pad to ground level: 29 32
t
; 4, Distance from last stair at ground level
; § to tunnel stairway (paces): 74 64
é 5. Vertical distance from ground level to
: tunnel floor (ft) (m): 13 (4.0) 13 (4.0)
: 6. Number of stairs (8-in. (20.32-cm) rise)
from ground level to tunnel floor: 19 19
: 7. Distance from bottom of SLC to (a) road
intersection for 4E, and (b) fence with
wire cutter for 4W (paces): 115 130 to stairway
+34 6-in. (15 cm)
steps

+44 paces to fence

%platform at step 14 (36-in. (91 cm) flat)

bUp 3 steps to reach platform; 2 paces on platform; down 32 steps to ground level




